ABSTRACT
Introduction
Root perforation is defined as an artificial opening usually of iatrogenic etiology, connecting the pulp cavity with periradicular tissues and alveolar bone. It can also be caused by pathological conditions, such as caries process and resorption The advent of mineral trioxide aggregate (MTA) has changed this scenario because of its favorable chemical and biological properties 3 . At present, MTA is the most indicated material for the repair of root canals. It is also used in endodontic surgery, direct pulp capping, apexification, root resorption, lateral root perforations, and furcation perforations 4 . The major components of MTA are tricalcium silicate, dicalcium silicate, tricalcium aluminate, tetra-calcium aluminoferrate, bismuth oxide (radiopaque agent), and calcium sulfate dihydrate (gypsum) 5 .
Despite its widespread use, MTA has some disadvantages, including low resistance to compression over the long-term and high cost 4, 6 . Both mechanical resistance and cement integrity are desirable properties of materials subjected to high occlusal loads, such as obturation materials for furcation perforations 7 .
Portland cement is the most common cement used in civil engineering applications. 10, 15 , and their effects on the submucosal connective tissue in rats 13 and subcutaneous connective tissue in guinea pigs 16 . The findings of these studies support the idea that Type I and white ordinary
Portland cements have the potential to be used in the same clinical applications as MTA. The components of MTA are similar to those of Type I Portland cement, with the addition of bismuth oxide as a radiopaque agent 13, 14 . Type I Portland cement and MTA have low resistance to compression 17 , and the addition of bismuth oxide to MTA increases its porosity and friability over time A pilot study was carried out previously to determine the required surgical procedures, characteristics of the perforations, amount of obturation material needed, and aspects of the clinical evolution of the animals 22 . The endodontic procedures are fully described in the preceding paper 22 .
Before surgery, the dogs were pre-anaesthetized intramuscularly with 2 ml of xylazine hydrochloride (Rompun, Bayer, Sao Paulo, Brazil). Next, the animals were anaesthetized intravenously with sodium thiopental (12.5 mg/kg) and intubated.
Infiltration anesthesia (1 ml of 1% lidocaine with adrenaline) was administered to the periapical region of the teeth included in this study.
The endodontic treatment was performed using the crown-down technique with nickel-titanium rotary instruments.
The canals were obturated using medium gutta-percha cones and The dogs were sacrificed by anesthetic overdose 120 days after the surgical procedure. For the preparation of histological slides, samples containing the treated teeth were cut, identified, and immersed in a decalcifying solution (558 ml of 10% formaldehyde and 42 ml of 65% nitric acid) for 15 days. Following, the specimens were washed in running water for 24h, embedded in paraffin, and cut along the proxi-proximal direction to expose the obturation material and areas adjacent to the furcation (Figure 1 ).
Then, 6μm serial sections were cut with a microtome and stained with hematoxylin-eosin. Statistical analysis of the collected data was performed using the two-sample Poisson test. Because the response data were measured as a Poisson variable, the one-way analysis of variance (ANOVA) was conducted using Tukey's transformation.
All statistical tests were performed at a significance level of 5% (p<0.05).
Results
There were no significant differences in the mean number of points counted over the newly-formed bone among the four types of obturation materials (p = 0.879), as shown in Table 1 and Figure 3 . Also, no significant differences were found in the mean number of points counted on the inflammatory infiltrate among the four types of obturation materials (p = 0.741), as shown in Table   2 and Figure 4 . Mechanical resistance is one of the fundamental requirements for cements to be used in the repair of furcation perforations because obturation materials are subjected to high occlusal loads 7, 26 .
Repair
Therefore, the purpose of this study was to evaluate histologically furcation perforations repaired using three different types of Portland cements with additives, including natural pozzolans/ volcanic ash and blast-furnace slag; MTA was used as a control material 17, 19, 22 .
Extrusion of cement into the perforated bone occurs when the obturation material is condensed without the use of a barrier. This prevents the formation of a homogeneous interface between the newly formed bone, cementum/dentin and obturation material, as observed in the pilot study 22 . Because cements are nonabsorbable materials, they prevent new bone formation and should not be used in bone repair 27 . On the other hand, calcium sulfate dihydrate is bioabsorbable and allows guided bone regeneration at the same time that serves as a barrier 20, 22 . A calcium sulfate barrier was used to prevent extrusion of cement at the bone-cementum/ dentin interface, ensuring that the obturation material would seal the furcation perforation and that complete bone regeneration would be achieved 27 . Calcium sulfate dihydrate is also a component of both the MTA and Portland cements. New bone formation was observed in the entire bone perforation on slides showing the interface between newly formed bone and obturation material, indicating that the three types of Portland cements and MTA had similar biocompatibility 20, 22, 27, 28 .
MTA is considered the gold standard; however, its mechanical resistance and radiopacity are parameters that should be evaluated prior to its use in the repair of furcation perforations.
MTA has low resistance to compression because its composition is similar to that of Type I Portland cement 8, 13, 14 . Besides, the addition of bismuth oxide (radiopaque agent) to MTA has the effect of increasing its porosity and friability over the long-term 4, 29 . The use of Portland cements with additives, which have high resistance to compression, may contribute to the long-term success of the repair of furcation perforations, because this is an area subject to high masticatory loads 7 . Moreover, professionals have been able to determine the presence of Portland cement in dental radiographs without the addition of a radiopaque agent.
Further studies are necessary to substantiate these findings and to determine whether Portland cements with additives can be used in the development of furcation perforation repair materials for clinical practice.
Conclusion
Biomineralization occurred for all different types of cement tested, with no significant differences among the obturation materials used.
